This p aper describes proper t ies of sporad ic-E scatter and F -layer scaLtcr observed ove r t he Okinawa-to-Tokyo path ( 1480 kilometers) a nd the Philippines-to-To kyo p at h (2 850 kilo met ers) operating at frequ encies of a bou t 50 megacy cles p er second.
Introduction
Great progress ba b een made in th e study of tran miss ion by way of inhomogenities in the ionophere, commonly termed scatterin g in th e E-layer. In addi tion , F-Iayer scatter in the Far Ea st ha s been pointed out by R. Ba teman and others [1] 2 and a peculiar signal enhan cem en t h as been r epor ted recen tly by the authors The orientation s of bo th pa ths wer e almost from southwest to northeast . The tran smiLtin g a,ntenna used at Olwma was beamed to 35°13' E of N deviatin g northwards by 8.5° off th e great-circl e patb to Tokyo. Surface path length between Okuma and Tokyo is 14 0 km, and Poro and Tokyo is 2850 km .
Aside from characteristics of E s propagation whi ch will be reported as nn interes t in th e field of communications engineering, the following will mainl y describe the types of scatter m en tion ed above.
. Scope of 0 bserva hon .1. Signals Measured and Exp e rimental C ircuits
An outline of the experimental circuits is shown in figure 1. Continuous waves of 2-kw output were emitted towards the middle part of Japan at 49 ,68 M c/s from Okuma, Okinawa, and at 49.84 :Mc/s from Poro , the Philippines. Each of the tran smitting antennas was a horizontal 5-element Yagi, having a gain of 7 db relative to a dipole, a height of 12 In above the ground, and a half-power beamwidth of 54°. The measurements were conducted at Fuk:uoka receiving station , near Tokyo , from October 1958 through October 1959 . Pulse signals, from Poro, were observed in autumn 1959. o one-bop E propag tion may exist over th e former circuit and two-hop Es or one-hop F2 propaga tion over the lat ter.
The Yamagawa and Okinawa ionospher e station are locat ed 330 km and 160 lun from t he path midpoints, r espectively, as seen in figur e 1. paths and the ionos phere stations.
Method of Observation
Three 5-element Yagis A, B, and 0 of same construction as the transmitting antenna were used for the measurements. Yagis A and B were mounted 30.6 m high on two iron poles separated by 105 m, directivities being shifted by 20 0 westwards and southwards from the true b earing of Okuma respect ively. Yagi 0 was mounted at a height of 12.6 m , being beamed to the sam e direction as Yagi A. B earing and angle of elevation were obtained from the ratios of vol tages induced on Yagis A and B and on Yagis A and 0, resp ectively.
The ratio of voltages was continuously recorded using two sets of voltage ratio meters [2] which are capable of measuring angles of arrival accurately even on a low level of t he signal strength. Tbe output voltage of the meter was 10g9. 
. 0 bserva tional Results
Okuma-'l'okyo, 49.68 Me/s, Jan uary 1959.
.1. Okuma-to-Tokyo Transmission
Figures 2 and 3 show typical results observed on the Okuma signal in winter and summer months, respectively. Figure 4 exhibits an example of app earance of the pen records during a period including all types of scatter.
In winter, the signal received is mainly the normal E-Iayer scatter including meteoric bursts throughout the day. Attenuation of the scatter in the ionosphere is estimated to b e betwevn 72 and 82 db in the median value, showing the maximum at about 1800 J .s. t. and the minimum around midday.
As seen in figure 4 , the signal strength sometimes rises to a maximum of 30 db above the level of the normal value, late in the evening. This phenomenon will be referred to as Es scatter and its characteristics will b e discussed later.
Hourly median angles of arrival are indicated by dots, and ranges between upp er and lower quartiles are shown by lengthwise lines in figures 2 and 3. B earing data explicitly show a diurnal variation which deviates westwards off t he true bearing during the period of 1800 to 1000 J .s.t. and slightly southwards early in the afternoon. Seasonal and diurnal distributions of hourly median bearings are exhibited in figure 5 repres enting contours of equal bearings. The figure sho ws a feature of regular diurnal variation with a tendency of deviating westwards a few d egrees off the true bearing on t he average throughout a year. The fact that the main lobe of t he transmitting antenna IS beamed northwards off the greatcircle path may be one of the causes of the average deviation of bearing. However, attention must be drawn to the fact that the diurnal variation including the average deviation is quite similar to W. R. Vincent and oth ers' results of b est antenna angle for meteoric bursts [3] . The seasonal variation of bearing showed a complicated but periodic behavior. No noticeabJ e variation of angl e of incidence was observed in the m edian value. The minimum, however, was clearly observed during a period of 1100 to 1200 J .s.t. during all the months except summer, when th e normal E -Iayer scatter was mainly received.
In summer when Es r eflections are most common, and produ ce an increase of many times th e normal signal level, hourly values of angles of arrival are distributed in a wider range th an those observed in winter as seen in figures 2 and 3.
The range of quartiles of signal strength, b earing, and angle of el evation shows th e minimum excursion at about 0600 J .s. t. early in the morning. 
.2 . Poro-to-Tokyo Transmission
The signal from Poro was r eceived only a small part of the timc, except in summer and au tumn. Judging from th e characteristic appearance of sporadic E , most of the signals r eceived in summer ar e 95 infelTed to be t wo-hop propagation by way of the Es sp ecular refl ection. Most hourly m edia n bearings observed in SUmlllCl' were nearly th e true b earin g. Hourly m edia n a ngles of elevation wer e b etwee n 3.5 0 a nd 3. 9 0 and they sh owed lower values in th e daytime. These a ngles observed ar e sligh tly lower th a n the calculated by esti matin g heigh t of sporadic E to b e 90 km.
On the oth er ha nd , it is obvious th at the sign al received in au tumn was propagated via th e F-region. Beh avior of this signal will b e desnibed in the later chapter.
. Sporadic-E Scatter

.1. General
As rnentioned above, a remarkable signal enh ancem ent is nightly observed on Okuma sign al, sometimes attaining a level 30 db hi gher than th at of the normal E-layer scatter. The authors called t h e event "Es evenin g enhancement" [2], b ecause it is closely associated with sporadic E and i t is likely to occur late in the evening. The enhancement appears to r epresent sporadic E scatter because of the following features. The Es scatter does not undergo as r apid a change in signal str ength as sporadic E propagation and shows a gradu al variation over an hour to several hours .
with some type of sporadic E at the path midpoint rather than the magnitude of the foEs itself. The relationship is now explored.
Rate of Occurrence
Judging from a statistical study of foEs and attenuation in the ionosphere, r , the signal of r ~45 db is assumed to b e reflected by sporadic E and the signal of r > 70 db as the normal E-Iayer scatter. An analysis was made of the signal of 45 db < r ~ 70 db, the r ange in which most of the Es scatter is included.
Seasonal and diurnal distributions of signals of 45 db < r ~70 db are shown in figure 6(a) indicating contours, of equal occurrence rates of reception in percentage, N r. One of the most distinctive features in the figur e is that the maximum rate appears late in the evenin g. The authors tried to find some ionospheric factor which had a close correlation with the distribution in figure 7 (a) . This was found to be the occurrence of the descriptive symbol "M" 3 associated with the "critical frequency" of sporadic E (foEs). Figure 6 (b) indicates contours of equal occurrence of such sporadic E, NIl£, observed at the Yamagawa ionosphere station. Comparing the temporal distributions of figure 6(a) and figure 6(b), it is seen that there is a reasonably good correlation between the two sets of data. An analysis using data observed at the Kokubunji ionosph ere station, which is located 750 km from the path-midpoint, did not result in as good an association as the above. This may be because the station is too far away to give a good correlation .
.3 . Angles of Arrival
Needless to say, the measured angl es of arrival are influenced by the signals from all the modes of propagation present. The data were, therefore, The normal E-Iayer scatter of r > 70 db showed a r egular diurn al variation of angle of arrival with a narrow range of quartile distributions; on the contrary, the Es-reflected signal of r ~ 45 db displayed a wide distribution of angles of arrival with no clear diurnal variation and a westerly deviation of bearing of several degrees on the average. On the other hand, the bearings of the Es scatter of 45 db < r ~ 70 db exhibited a diurnal variation similar to th at of the normal scatter , being accompanied with a wider distribution than that of the normal scatter. From the r esults mentioned above, it is inferred that the Es evening enhancement or Es scatter is not caused by the normal reflection from sporadic-E clouds but by an irregularity of sporadic E , and that the diurnal variation of bearing of the Es scatter may b e related to the same mechanism as that of the normal E -layer scatter.
. F-Layer Scatter
F-layer scatter was pointed out by R. B ateman and others [1] as an evening enhancement observed in the lrar East in autumn. The event frequently occurred over the Poro-to-Tokyo path in the evening hours in eptember and October . When this took place, F-layer measurements at the Okinawa ionosphere station quite near the path midpoint always indicated either of the following conditions: (a) F2 critical frequency higher than the 18 M c/s r equired for the normal reflection in oblique incidence propagation at the used frequency, or (b) F2-layer critical frequency qualified by the symbol " R " 01' "S",4 ' where t he top frequency was higher than about 14 1 V1c/s. Figure 11 is a typical example illustrating such a corresponden ce of the signal str ength with the 'j-plot" of ionospheric data. There is no doubt that t h e signal received in autumn is closely associated with the F2-layer. It is also obvious that ionosperic layers other than the F2-layer did not take p art in the propagation during the p eriod of autumnal observation wher e especially sporadic E was inactive. Figure 12 shows diurnal curves of reception of signal, N r , and N I , th e occurrence of the t wo ionospheric conditions, "R" and "S" , observed in October 1959. Fair agreement can be seen between N r and N I . The spread-F condition was rarely observed at Okinaw a which is quite near the path midpoint, during the observational period . .
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~. mum delav Lime is of t he sam e oreier as that observed by ·R. BaLeman and others [1] for tue Poroto-Onna, Okin itwa, path (1347 k111 ). The ionospheric condiLion whcn thc picLurc was takcn corrcspon dcd Lo LllC case (b) above. From these observations, it is infened that the received signal is propagaLed by way of scattcring f],om an anomaly in the F2-laycr peculiar to a r egion in the low latiLude in addition to t he normal F'2-propagation. 
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bearing early in the evening, bu t their b earin gs gradually deviate westwards with the lapse of time.
It is one of the future problems to clarify wb ether the westerly deviation is caus ed by movement of the anomaly or by such mechanism as scattering from ficld-alincd blobs of ionization in the F r egion as suggestcd alr eady [lJ . Tb e au thors express their thanks to Dr. S. N amba, Chief of R esearch L aboratory , K .D .D ., for his en couragem ent in t he study , to CRPL and Th e Voice of America in t he U niLed SLates Government, and th e Radio R esearch L abOJ'atories, J ap an , for their cooperation and as istftllCe i n the continuation of transmissions and in th e data arrall gem en t .
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